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MULTI-PLY PAPER SHEET WITH HIGH ABSORBENT CAPACITY AND RATE 

Background of the Invention 

In the business of developing and manufacturing paper towels for the consumer 
market, it is a continual objective to improve the absorbent characteristics of the product. 
For cleaning up some spills, the consumer needs high absorbent capacity. For some 
uses, consumers want a fast rate of absorbency. For other uses, a combination of high 
5 absorbent capacity and fast absorbent rate is desired. At the same time, constraints on 
achieving this objective include the need to maintain or reduce costs in order to provide 
the consumer with the highest possible value, which in part means minimizing the amount 
of fiber in the product. 



10 Summary of the Invention 

It has now been discovered that the absorbent characteristics of multi-ply paper 
towel products can be improved by providing an inter-ply, wet-collapse resistant open 
channel structure within the product as well as providing an intra-ply pore structure that is 
conducive to good absorbent characteristics. In addition to the absorbent characteristics 

1 5 provided by the fibers and the intra-ply fiber network pore structure, the inter-ply channels 
also contribute to absorbency by readily wicking away liquid and rapidly distributing the 
liquid to other areas of the product that are not yet saturated, as well as providing 
reservoirs for holding absorbed liquid. This wet-collapse resistant open channel structure 
can take the form of relatively straight and long channels or it can the form of a more 

20 tortuous path imparted to the surface of the plies by various papermaking fabric contours 
and embossing patterns. One convenient method of creating such channels is to ply 
together multiple low basis weight uncreped throughdried plies which have a highly 
contoured surface of multiple ridges and which inherently have wet-collapse resistance 
due to the manner in which they are formed, processed and dried. However, other means 

25 of providing suitable wet-collapse resistance include the use of appropriate fibers, 
including synthetic fibers, crimped fibers and pre-crosslinked fibers, optionally in 
conjunction with suitable converting operations such as heated embossing to shape the 
structure, or using any means of drying a wet sheet into a three-dimensional configuration 
during manufacturing or converting of the paper such that the paper retains the three- 

30 dimensional shape when wetted with water. 
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Hence, in one aspect, the invention resides in a multi-ply paper sheet, such as a 
paper towel, having two or more plies, said sheet having a Vertical Absorbent Capacity of 
about 8.0 grams of water or greater per gram of fiber and a Wet Out Time of 2.3 seconds 
or less. 

5 In another aspect, the invention resides in a multi-ply paper towel having two or 

more throughdried plies, including uncreped throughdried plies, said towel having a 
Vertical Absorbent Capacity of about 8.0 grams of water or greater per gram of fiber and a 
Wet Out Time of 2.3 seconds or less. 

In the various aspects of this invention, the Vertical Absorbent Capacity can be 

1 0 about 8.0 grams of water or greater per gram of fiber, more specifically about 9.0 grams of 
water or greater per gram of fiber, more specifically about 10.0 grams of water or greater 
per gram of fiber, more specifically from about 8.0 to about 1 6.0 grams of water per gram 
of fiber, more specifically from about 9.0 to about 1 5.0 grams of water per gram of fiber, 
and still more specifically from about 10.0 to about 15.0 grams of water per gram of fiber. 

15 In the various aspects of the invention, the Wet Out Time can be about 2.3 

seconds or less, more specifically about 2.0 seconds orless, more specifically about 1.5 
seconds or less, more specifically from about 0.5 to 2.3 seconds, more specifically from 
about 0.5 to about 2.0 seconds, more specifically from about 0.5 to about 1.5 seconds, 
and still more specifically from about 0.9 to about 1 .5 seconds. 

20 Factors which reduce the Wet Out Time include: enlarging the pore size of the 

plies, which can be achieved by using more three-dimensional throughdrying fabrics as 
described herein; reducing the basis weight of the plies; fiber selection; decreasing the 
amount of refining of the fibers; selecting hydrophilic chemical additives; increasing the 
amount of surfactant in the furnish. 

25 The number of plies in the product can be two, three, four, five or more. For 

economy, two-ply and three-ply products are advantageous. The various plies within any 
given multi-ply sheet can be the same or different. By way of example, the various plies 
can contain different fibers, different chemicals, different basis weights, or be made 
differently to impart different topography. Different processes include throughdrying, 

30 creped or uncreped, wet-pressing or modified wet-pressing. Wet molded throughdried 
plies, such as uncreped throughdried plies, have been found to be particularly 
advantageous because of their wet resiliency and three-dimensional topography. 

The fibers used to form the plies of the products of this invention can be 
substantially entirely hardwood kraft or softwood kraft fibers. However, other fibers can 

35 also be used for part of the furnish, such as mechanical pulp fibers, bleached 

chemithermomechanical pulp (BCTMP) fibers, synthetic fibers, pre-crosslinked fibers, non- 

2 
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woody plant fibers, and the like. More specifically, the fibers can be from about 50 to about 
100 percent softwood kraft fibers, more specifically from about 60 to about 100 percent 
softwood kraft fibers, still more specifically from about 70 to about 100 percent softwood 
kraft fibers, still more specifically from about 80 to about 100 percent softwood kraft fibers, 
5 and still more specifically from about 90 to about 100 percent softwood kraft fibers. While 
not being bound to any particular theory, it is believed that throughdried sheets formed 
primarily from virgin softwood kraft fibers have a particularly desirable internal pore 
structure that synergistically interacts with the wet-collapse resistant channels to provide 
the improved absorbent properties observed. 

1 0 The basis weight of the plies used to produce the multi-ply products of this 

invention can be about 40 gsm or less, more specifically about 30 gsm or less, more 
specifically about 20 gsm or less, still more specifically from about 10 to about 20 gsm, 
and still more specifically from about 10 to about 15 gsm. 

As used herein, "Vertical Absorbent Capacity" is a measure of the amount of water 

1 5 absorbed by the paper towel product, expressed as grams of water absorbed per gram of 
fiber (dry weight) in the product. In particular, the Vertical Absorbent Capacity is 

* 

determined by cutting a sheet of the product to be tested into a square measuring 100 
millimeters by 100 millimeters (± 1 mm.) The specimen is weighed to the nearest 0.01 
gram and the value is recorded as the "Dry Weight" . The specimen is placed into a dish of 

20 water and soaked in the water for 3 minutes (± 5 seconds). At the end of the soaking 
time, the specimen is removed from the water and hung from one corner in a clamping 
device such that the opposite corner is lower than the rest of the specimen. The specimen 
is allowed to drain for 3 minutes (± 5 seconds). At the end of the specimen draining time, 
the specimen is removed by holding a weighing dish under the specimen and releasing it 

25 from the clamping device. The wet specimen is then weighed to the nearest 0.01 gram 
and the value recorded as the "Wet Weight" . The Vertical Absorbent Capacity = (Wet 
Weight - Dry Weight)/Dry Weight. At least five (5) replicate measurements are made on 
the same sample to yield an average Vertical Absorbent Capacity value. 

The absorbent capacity of the multi-ply products of this invention, on an equivalent 

30 pore volume basis as measured by capillary suction, is such that about 50 percent or more 
of the total pore volume resides in pores having a radius of 250 micrometers or greater. 

As used herein, "Wet Out Time" is a measure of how fast the paper towel product 
absorbs water and reaches its absorbent capacity, expressed in seconds. In particular, 
the Wet Out Time is determined by selecting and cutting 20 representative product 

35 specimen sheets into squares measuring 63 millimeters by 63 millimeters (± 3 mm.). The 
resulting pad of 20 product sheets is stapled together across each corner of the specimen 
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pad just far enough from the edges to hold the staples. The staples should be oriented 
diagonally across each comer and should not wrap around the edges of the test 
specimen. With the staple points facing down, the specimen is held horizontaliy over a 
pan of water approximately 25 millimeters from the surface of the water. The specimen is 
5 dropped flat onto the surface of the water and the time for the specimen to become 

visually completely saturated with water is recorded. This time, measured to the nearest 
0.1 second, is the Wet Out Time for the product. At least five (5) replicate measurements 
are made on the same sample to yield an average Wet Out Time value. 

10 Brief Description of the Drawings 

Figure 1 is a schematic illustration of an uncreped throughdried tissue making 
process suitable for purposes of making basesheet plies in accordance with this invention. 

Figure 2 is a plot of the Vertical Absorbent Capacity versus the Wet Out Time for 
paper towel products of this invention made in accordance with the Examples described 
1 5 below and several commercially available paper towel products, illustrating the unique 
absorbency properties of the products of this invention. 

Detailed Description of the Drawings 
Figure 1 is a schematic illustration of an uncreped throughdried process useful for 

20 making basesheet plies suitable for purposes of this invention. In particular, shown is an 
uncreped through-air-dried tissuemaking process in which a headbox 5 deposits an 
aqueous suspension of papermaking fibers between forming wires 6 and 7. The newly- 
formed web is transferred to a slower moving transfer fabric with the aid of a vacuum box 
9. The web is then transferred to a throughdrying fabric 15 and passed over 

25 throughdryers 1 6 and 1 7 to dry the web. Suitable throughdrying fabrics for purposes 

herein include, without limitation, fabrics disclosed in U.S. Patent No. 6,017,417 to Wendt 
et al. entitled "Method of Making Soft Tissue Products, which is hereby incorporated by 
reference. 

After drying, the web is transferred from the throughdrying fabric to fabric 20 and 
30 thereafter briefly sandwiched between fabrics 20 and 21 . The dried web remains with 
fabric 21 until it is wound up into a parent roll 25. 

Figure 2 is further described in connection with the Examples below. 
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Examples 

Example 1 . 

A pilot tissue machine was used to produce non-layered, uncreped throughdried 
towel basesheets generally as described in Figure 1 , The basesheets were then 
5 converted into two-ply or three-ply finished product towel rolls in a conventional manner. 

More specifically, 75 lbs of bleached northern softwood kraft fiber was dispersed in 
a pulper for 30 minutes at a consistency of 3 percent. The thick stock slurry was then 
passed through a refiner and refined to approximately 600 ml Canadian Standard 
Freeness. The thick stock was then sent to a machine chest and blended with 25 lbs 

10 bleached northern softwood chemi-thermomechanical fiber (dispersed at 3 percent 
consistency, but not refined) and diluted to a consistency of 1 percent. A polyamide 
epichlorohydrin wet strength resin (Kymene 557LX commercially available from Hercules 
Inc. in Wilmington, DE) was added first, followed by the addition of a sodium 
carboxymethylcellulose dry strength additive (Aqualon CMC 7MT, Hercules Inc.). The 

15 Kymene 557LX diluted to approximately 1 percent active solids, was pumped into the 

stock outlet from the stuffbox by a chemical addition pump at 400 mL/min. This equates to. 
a wet strength chemical addition level of 25 lbs Kymene 557LX/tonne of dry fiber. The 
CMC, diluted to 0.75% with warm water and agitation, was pumped into the stock flow 
pipe between the stuffbox and the fan pump using a chemical addition pump. The CMC 

20 addition point was located such that the addition occurred only a few seconds after the 
Kymene addition point. The CMC was supplied at a flow rate of 150 mL/min, which 
equates to 8 lbs CMC/tonne of dry fiber. 

The machine chest furnish containing the chemical additives was diluted to 
approximately 0.1 percent consistency and delivered to the forming fabric (Voith Fabrics, 

25 2164-B33) using a flow spreading headbox. The forming fabric speed was approximately 
50 fpm. The basesheet was then rush transferred to a transfer fabric (Voith Fabrics, 2164- 
B33) traveling 25% slower than the forming fabric using a vacuum shoe to assist the 
transfer. At a second vacuum shoe assisted transfer, the basesheet was transferred and 
wet-molded onto the throughdrying fabric (Voith Fabrics, t1 203-2). The sheet was dried 

> 

30 with a throughdryer operating at a temperature of 375°C. The resulting basesheet had an 
oven dry basis weight of 13.6 grams per square meter (gsm). 

The converting line was set up in such a way that two basesheet rolls were 
unwound, calendered using a steel / rubber calendar arrangement engaged at 5 mm of 
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interference, plied together using crimping wheels, and rewound onto finished product 
cores. In the finished product, the side of the basesheet that was against the throughdryer 
fabric was facing outward. 

All testing of absorbency properties was done on finished product. The resulting 
5 two-ply towel had a Vertical Absorbent Capacity of 12.57 grams per gram (g/g) and a Wet 
Out Time of 0.9 seconds (s). 

Example 2. 

A two-ply towel was produced as described in Example 1, except the basis weight 
10 of each ply was 1 7.0 gsm. The towel had a Vertical Absorbent Capacity of 1 1 .63 g/g and 
a Wet Out Time of 1 .1 seconds. 

Example 3. 

A two-ply towel was produced as described in Example 1 , exceptthe basis weight 
1 5 of each ply was 20.4 gsm. The towel had a Vertical Absorbent Capacity of 1 1 .1 2 g/g and a 
Wet Out Time of 1 .3 seconds. 

Example 4. 

A two-ply towel was produced as described in Example 1 , except the basis weight 
20 of each ply was 23.8 gsm. The towel had a Vertical Absorbent Capacity of 10.56 g/g and 
a Wet Out Time of 1 .5 seconds. 

Example 5 . 

A two-ply towel was produced as described in Example 1 , except the basis weight 
25 of each ply was 27.2 gsm. The towel had a Vertical Absorbent Capacity of 10.33 g/g and a 
Wet Out Time of 1 .6 seconds. 

Example 6. 

A two-ply towel was produced as described in Example 1, except the 
30 throughdrying fabric used was a Voith Fabrics t4803-7 and the basis weight of each ply 
was 27.2 gsm. The towel had a Vertical Absorbent Capacity of 10.25 g/g and a Wet Out 
Time of 1 .4 seconds. 
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Example 7 

The basesheet of a three-ply towel was produced as describe in Example 1 , 
except the throughdrying fabric used was a Voith Fabrics t4803-7, and the basis weight of 
5 each ply was 27.2gsm. The converting line was set up in such a way that three basesheet 
rolls were unwound, calendered using a steel / rubber calendar arrangement engaged at 5 
mm of interference, plied together using crimping wheels, and rewound onto finished 
product cores. The resulting three-ply towel had a Vertical Absorbent Capacity of 1 1.41 
grams per gram (g/g) and a Wet Out Time of 1.3 seconds. 

10 

Example 8. 

A two-ply towel was produced as described in Example 1 , except the 
throughdrying fabric used was a Voith Fabrics t4803-7 and the basis weight of one ply was 
27.2 gsm and that of the other ply was 13.6 gsm. The towel had a Vertical Absorbent 
1 5 Capacity of 1 0.66 g/g and a Wet Out Time of 1 .2 seconds. 

Example 9. 

A two-ply towel was produced as described in Example 1 , except the 
throughdrying fabric used was a Voith Fabrics t1 16-3 and the basis weight of each ply was 
20 27.2 gsm. The towel had a Vertical Absorbent Capacity of 1 0.56 g/g and a Wet Out Time 
of 1.5 seconds. 

Example 10. 

The basesheet of a three-ply towel was produced as describe in Example 1 , 
25 except the throughdrying fabric used was a Voith Fabrics t1 16-3 and the basis weight of 
each ply was 20.4, 27.2 (center ply), and 20.4gsm respectively. The converting line was 
set up in such a way that three basesheet rolls were unwound, calendered using a steel / 
rubber calendar arrangement engaged at 5 mm of interference, plied together using 
crimping wheels, and rewound onto finished product cores. The resulting three-ply towel 
30 had a Vertical Absorbent Capacity of 1 1 .37 grams per gram (g/g) and a Wet Out Time of 
1.6 seconds. 



7 



WO 2004/009905 



PCT7US2003/0 14356 



Example 1 1 . 

A two-ply towel was produced as described in Example 1 , except the 
throughdrying fabric used was a Voith Fabrics t1 16-3 and the basis weight of each ply was 
20.4 gsm. The towel had a Vertical Absorbent Capacity of 1 1 .46 g/g and a Wet Out Time 
of 1.1 seconds. 

Example 1 2. 

A two-ply towel was produced as described in Example 1 , except the 
throughdrying fabric used was a Voith Fabrics t4803-7 and the basis weight of each ply 
was 20.4 gsm. The towel had a Vertical Absorbent Capacity of 1 182 g/g and a Wet Out 
Time of 1.1 seconds. 

■ 

Example 13. 

A two-ply towel was produced as described in Example 1 , except the 
throughdrying fabric used was a Voith Fabrics t4803-7 and the basis weight of each ply 
was 20.4 gsm. The towel had a Vertical Absorbent Capacity of 1 1 .67 g/g and a Wet Out 
Time of 1 .3 seconds. 

# 

Example 14. 

A two-ply towel was produced as described in Example 1 , except the 
throughdrying fabric used was a Voith Fabrics t4803-7 and the basis weight of each ply 
was 20.4 gsm. Also, the finished product was wound such that the throughdryer fabric 
side of both plies faced inward. The towel had a Vertical Absorbent Capacity of 1 1 .60 g/g 
and a Wet Out Time of 1 . 1 seconds. 

Example 1 5. 

A two-ply towel was produced as described in Example 1 , except the 
throughdrying fabric used was a Voith Fabrics t4803-7 and the basis weight of each ply 
was 13.6 gsm. The towel had a Vertical Absorbent Capacity of 12.71 g/g and a Wet Out 
Time of 1 .0 seconds. 
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i 

Example 16. 

A two-ply towel was produced as described in Example 1 , except the 
throughdrying fabric used was a Voith Fabrics t4803-7 and the transfer fabric was 
5 traveling 40% slower than the forming fabric and the basis weight of each ply was 1 3.6 
gsm. The towel had a Vertical Absorbent Capacity of 13.72 g/g and a Wet Out Time of 1 .0 
seconds. 

Example 17. 

1 0 The basesheet of a three-ply towel was produced as describe in Example 1 , 

except the throughdrying fabric used was a Voith Fabrics t4803-7 and the basis weight of 
each ply was 13.6gsm. The converting line was set up in such a way that three basesheet 
rolls were unwound, calendered using a steel / rubber calendar arrangement engaged at 5 
mm of interference, plied together using crimping wheels, and rewound onto finished 

15 product cores. The resulting three-ply towel had a Vertical Absorbent Capacity of 14.02 
grams per gram (g/g) and a Wet Out Time of 1.2 seconds. 

Example 1 8. 

The basesheet of a three-ply towel was produced as describe in Example 1 , 
20 except the throughdrying fabric used for the outer plies was t1 1 6-3, the throughdrying 
fabric for the center ply was a Voith Fabrics t4803-7 and the basis weight of each ply was 
13.6gsm. 

The converting line was set up in such a way that three basesheet rolls were unwound, 
calendered using a steel / rubber calendar arrangement engaged at 5 mm of interference, 
25 plied together using crimping wheels, and rewound onto finished product cores. The 

resulting three-ply towel had a Vertical Absorbent Capacity of 14.48 grams per gram (g/g) 
and a Wet Out Time of 1 .1 seconds. 

Example 19. 

30 A two-ply towel was produced as described in Example 1 , except the 

throughdrying fabric used was a Voith Fabrics t!16-3 and the basis weight of each ply was 
1 3.6 gsm. The towel had a Vertical Absorbent Capacity of 1 2.67 g/g and a Wet Out Time 
of 1.3 seconds. 
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Example 20. 

The basesheet of a three-ply towel was produced as describe in Example 1 , 
except the throughdrying fabric used was a Voith Fabrics t1 16-3 and the basis weight of 
5 each ply was 13.6gsm. The converting line was set up in such a way that three basesheet 
rolls were unwound, calendered using a steel / rubber calendar arrangement engaged at 5 
mm of interference, plied together using crimping wheels, and rewound onto finished 
product cores. The resulting three-ply towel had a Vertical Absorbent Capacity of 13.87 
grams per gram (g/g) and a Wet Out Time of 1.0 seconds. 

10 

Example 21 . 

The basesheet of a three-ply towel was produced as describe in Example 1 , 
except one of the outer plies was made with a Voith Fabrics t4803-7 throughdrying fabric 
at 40.7 gsm basis weight, and other plies were made with a Voith Fabrics t1 16-3 
15 throughdrying fabric at 13.6gsm basis weight The converting line was set up in such a 
way that three basesheet rolls were unwound, calendered using a steel / rubber calendar 
arrangement engaged at 5 mm of interference, plied together using crimping wheels, and 
rewound onto finished product cores. The resulting three-ply towel had a Vertical 
Absorbent Capacity of 1 1 .42 grams per gram (g/g) and a Wet Out Time of 1 .5 seconds. 

20 

Example 22. 

A layered two-ply uncreped throughdried towel product was produced using the 
method substantially as illustrated in Figure 1 . More specifically, a two-layer towel 
basesheet was made in which the fabric side layer (TAD fabric contacting layer) fiber 

25 furnish comprised 1 00% bleached eucalyptus Kraft fiber (eucalyptus). Eucalyptus 

comprised about 30% of the total basesheet fiber by weight. The eucalyptus was curled 
using the method substantially as described in U.S. Patent No. 5,772,845 issued to 
Farrington et al. entitled "Soft Tissue". Berocell 596 (Akzo Nobel) was added to the 
eucalyptus at about 2.3 kg per tonne of dry fiber. Kymene 557LX was added to the 

30 eucalyptus at about 1 1 kilograms per tonne of dry fiber. 

The air side layer (layer not contacting the TAD fabric) comprised 100% bleached 
northern softwood Kraft fiber (softwood). The softwood was refined at about 36 kWh per 
tonne of dry fiber. Kymene 557LX was added to the softwood at about 1 1 kilograms per 
tonne of dry fiber. The headbox net slice opening was about 23 millimeters. The 

35 consistency of the stock fed to the headbox was about 0.1 2 weight percent. 

10 
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The resulting wet tissue web was formed on a c-wrap twin-wire, suction form roll, 
former with outer forming fabric and inner forming fabric being Voith Fabrics 2164-B33 
fabrics (commercially available from Voith Fabrics in Raleigh, NC). The speed of the 
forming fabrics was about 11.7 meters per second. The newly-formed wet tissue web was 
5 then dewatered to a consistency of about 25 percent using vacuum suction from below 
inner forming fabric before being transferred to transfer fabric, which was traveling at 
about 9.1 meters per second (28 percent rush transfer). The transfer fabric was a Voith 
Fabrics 2164-B33 fabric. A vacuum shoe pulling about 250 millimeters of mercury vacuum 
was used to transfer the wet tissue web to the transfer fabric. 
10 The wet tissue web was then transferred to a throughdrying fabric (Voith Fabrics 

t1 16-3). The throughdrying fabric was traveling at a speed of about 9.1 meters per 
second. The wet tissue web was carried over a pair of Honeycomb throughdryers 
(commercially available from Valmet, Inc., Honeycomb Div. in Biddeford, ME) operating at 
a temperature of about 200 degrees C and dried to final dryness of about 98 percent 

■4 

15 consistency. The sheet was calendered between the through air dryer and reel using a 
steel / rubber nip. 

The resulting uncreped through air dried tissue web was converted into a two-ply 
towel. The plies were oriented with the eucalyptus layer to the outside and the softwood 
layer to the inside. Glued random pin to pin embossing was used to ply the sheets 

20 together. One roll comprised points arrayed in a "quilted diamond" pattern; the other roll 
comprised points arrayed in a substantially uniform "overall* pattern. The pin-to-pin gap 
between the rolls was about 25 micrometers. The plied sheet was wound into finished 
product rolls with the "quilted diamond" pattern to the outside of the finished product rolls. 
The resulting 2-ply towel basis weight was 43.7 gsm and had a Vertical Absorbent 

25 Capacity of 9.49 g/g and a Wet Out Time of 2.1 seconds. 

Example 23: (Commercial Towel). 

A sample of Kleenex® Brand VIVA® towel, procured in May 2002, was tested as 
described above. The 1-ply towel basis weight was 64.2 grams/square meter (gsm) and 
30 had a Vertical Absorbent Capacity of 8.09 grams per gram (g/g) and a Wet Out Time of 
4.6 seconds. 

Example 24: (Commercial Towel). 

A sample of SCOTT^ Towel, procured in January 2002, was tested as described 
35 above. The 1-ply towel basis weight was 41.6 gsm and had a Vertical Absorbent Capacity 
of 6.66 g/g and a Wet Out Time of 2.5 seconds. 
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Example 25: (Commercial Towel). 

A sample of Brawny® towel, procured in March 2000, was tested as described 
above. The 2-ply towel basis weight was 46.3 gsm and had a Vertical Absorbent Capacity 
5 of 4.35 g/g and a Wet Out Time of 4.3 seconds. 

Example 26: (Commercial Towel) 

A sample of Coronet® towel, procured in March 2000, was tested as described 
above. The 1-ply towel basis weight was 51.1 gsm and had a Vertical Absorbent Capacity 
10 of 4. 1 1 g/g and a Wet Out Time of 4.0 seconds. 

Example 27: (Commercial Towel). 

A sample of Sparkle® towel, procured in September 2001, was tested as described 
above. The 2-ply towel basis weight was 46.3 gsm and had a Vertical Absorbent Capacity 
15 of 4.1 1 g/g and a Wet Out Time of 2.7 seconds. 

Example 28: (Commercial Towel). 

A sample of Bounty Double Quilted™ R roll towel, procured in March 2002, was 
tested as described above. The 2-ply towel basis weight was 38.2 gsm and had a Vertical 
20 Absorbent Capacity of 10.84 g/g and a Wet Out Time of 3.1 seconds. 

Example 29: (Commercial Towel). 

A sample of Bounty Double Quilted™ XL roll towel, procured in June 2001 , was 
tested as described above. The 2-ply towel basis weight was 45.6 gsm and had a Vertical 
25 Absorbent Capacity of 9.01 g/g and a Wet Out Time of 2.9 seconds. 

Example 30: (Commercial Towel). 

A sample of Bounty Double Quilted™ XXL roll towel, procured in June 2001, was 
tested as described above. The towel basis weight was 45.8 gsm and had a Vertical 
30 Absorbent Capacity of 8.75 g/g and a Wet Out Time of 2.6 seconds. 

The results of the foregoing examples are summarized in Tables 1 and 2 below. 
For ease of comparison, Figure 2 is a plot of the absorbent properties of the products of 
this invention (Examples 1-22) and the absorbent properties of commercially available 
35 products (Examples 23-30). As illustrated therein, the absorbent properties of the 
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products of this invention are a significant improvement over what is available on the 
market today. 



Table 1 : Invention Samples 



example 


Plyl 


Ply 2 


Ply 3 


Vertncal 
Absorbent 
Capacity 

(g/g) 


Wet Out 
Time 

(sec) 


Basis Weight 
(gsm) 


TAD 
Fahric 


Basis 
Weigh 

(gsm)t 


TAD 
Fabric 


Basis 
Weight 

(gsm) 


TAD 
Fabric 


i 


13.6 


U203-2 


13.6 


U203-2 






12.57 


0.9 


2 


17.0 


U203-2 


17.0 


tl203-2 






11.63 


1.1 


3 


20.4 


tl203-2 


20.4 


U203-2 






11.12 


1.3 


4 


23.8 


U203-2 


23.8 


U203-2 






10.56 


1.5 


5 


27.2 


tl203-2 


27.2 


«203-2 






10.33 


1.6 


6 


27.2 


t4803-7 


27.2 


t4803-7 






10.25 


1.4 


7 


27.2 


t4803-7 


27.2 


t4803-7 


27.2 


t4803-7 


11.41 


1.3 


8 


27.2 


t4803-7 


13.6 


t4803-7 






10.66 


1.2 


9 


27.2 


tll6-3 


27.2 


U16-3 






10.56 


1.5 


10 


20.4 


til 6-3 


27.2 


U16-3 


20.4 


U16-3 


11.37 


1.6 


11 


20.4 


til 6-3 


20.4 


U16-3 






11.46 


1.1 


12 


20.4 


t4803-7 


20.4 


t4803-7 






11.82 


1.1 


13 


20.4 


t4803-7 


20.4 


t4803-7 






11.67 


1.3 


14 


20.4 


t4803-7 


20.4 


t4803-7 






11.60 


1.1 


15 


13.6 


t4803-7 


13.6 


t4803-7 






12.71 


1.0 


16 


13.6 


14803-7 


13.6 


t4803-7 






13.72 


1.0 


17 


13.6 


14803-7 


13.6 


t4803-7 


13.6 


t4803-7 


14.02 


1.2 


18 


13.6 


tll6-3 


13.6 


t4803-7 


13.6 


U16-3 


14.48 


1.1 


19 


13.6 


U16-3 


13.6 


til 6-3 






12.67 


1.3 


20 


13.6 


til 6-3 


13.6 


til 6-3 


13.6 


U16-3 


13.87 


1,0 


21 


40.7 


t4803-7 


13.6 


til 6-3 


13.6 

• 


til 6-3 


11.42 


1.5 


22 


21.8 


U16-3 


21.8 


til 6-3 






9.49 


2.1 | 
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Table 2: Commercial Product Samples 



Example 

ID 
Number 


Commercial 
Product 
Name 


Month/ 

Year 
Purchased 


Basis 
Weight 

(gsm) 


Plies 


Vertical 
Absorbent 
Capacity 
(g/g) 


Wet Out 
lime 

(s) 


23 


VIVA® 


5/2002 


64.2 


1 


8,09 


4.6 


24 


scon* 


1/2002 


41.6 


1 


6.66 


2.5 




13 j awiiy 




46.3 


2 


435 


43 


26 


Coronet* 


3/2000 


51.1 


1 


4.11 


4.0 


27 


Sparkle® 


9/2001 


46.3 


2 


4.11 


2.7 


28 


Bounty 
Double 
Quilted™ R 


3/2002 


38.2 


2 


10.84 


3.1 


29 


Bounty 
Double 
Quilted™ XL 


6/2001 

■ 


45.6 


2 


9.01 


2.9 


30 


Bounty 
Double 
Quilted™ 
XXL 


672001 


45.8 


2 


8.75 


2.6 



It will be appreciated that the foregoing examples, given for purposes of illustration, 
are not to be construed as limiting the scope of this invention, which is defined by the 
following claims and all equivalents thereto. 
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We claim: 

I . A multi-ply paper sheet having two or more plies, said sheet having a Vertical 
Absorbent Capacity of about 8.0 grams of water or greater per gram of fiber and a Wet 
Out Time of 2.3 seconds or less. 

5 2. The paper sheet of claim 1 wherein the Wet Out Time is about 2.0 seconds or less. 

3. The paper sheet of claim 1 wherein the Wet Out Time is about 1 .5 seconds or less. 

« 

4. The paper sheet of claim 1 wherein the Wet Out Time is from about 0.5 seconds to 2.3 
10 seconds. 

5. The paper sheet of claim 1 wherein the Wet Out Time is from about 0.5 seconds to 
about 2.0 seconds. 

15 6. The paper sheet of claim 1 wherein the Vertical Absorbent Capacity is about 10.0 
grams of water or greater per gram of fiber, 

* 

7. The paper sheet of claim 1 wherein the Vertical Absorbent Capacity is about 12 grams 
of water or greater per gram of fiber. 

20 

8. The paper sheet of claim 1 wherein the Vertical Absorbent Capacity is from about 8 
grams of water per gram of fiber to about 16 grams of water per gram of fiber. 

9. The paper sheet of claim 1 wherein the Vertical Absorbent Capacity is from about 10 
25 grams of water per gram of fiber to about 1 5 grams of water per gram of fiber. 

10. The paper sheet of claim 1 wherein the Wet Out Time is from about 0.5 seconds to 
about 2.0 seconds and the Vertical Absorbent Capacity is from about 9.0 grams of water 
per gram of fiber to about 1 5.0 grams of water per gram of fiber. 

30 

I I . The paper sheet of claim 1 wherein the number of plies is two. 

12. The paper sheet of claim 1 wherein the number of plies is three. k ' 
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13. A multi-ply paper towel having two or more throughdried plies, said towel having a 
Vertical Absorbent Capacity of about 8.0 grams of water or greater per gram of fiber and a 
Wet Out Time of 2.3 seconds or less. 

5 14. The paper towel of claim 1 3 wherein the Wet Out Time is about 2.0 seconds or less. 

1 5. The paper towel of claim 1 3 wherein the Wet Out Time is about 1 .5 seconds or less. 

16. The paper towel of claim 1 3 wherein the Wet Out Time is from about 0.5 seconds to 
10 about 2.3 seconds. 

17. The paper towel of claim 13 wherein the Wet Out Time is from about 0.5 seconds to 
about 2.0 seconds. 

15 1 8. The paper towel of claim 1 3 wherein the Vertical Absorbent Capacity is about 1 0.0 
grams of water or greater per gram of fiber. 

19. The paper towel of claim 13 wherein the Vertical Absorbent Capacity is about 12 
grams of water or greater per gram of fiber. 

20 

20. The paper towel of claim 13 wherein the Vertical Absorbent Capacity is from about 8 
grams of water per gram of fiber to about 1 6 grams of water per gram of fiber. 

21 . The paper towel of claim 13 wherein the Vertical Absorbent Capacity is from about 10 
25 grams of water per gram of fiber to about 1 5 grams of water per gram of fiber. 

i 

22. The paper towel of daim 13 wherein the Wet Out Time is from about 0.5 seconds to 
about 2.0 seconds and the Vertical Absorbent Capacity is from about 9.0 grams of water 
per gram of fiber to about 15.0 grams of water per gram of fiber. 

30 

23. The paper towel of claim 1 3 wherein the number of throughdried plies is two. 

24. The paper towel of claim 13 wherein the number of throughdried plies is three. 
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25. The paper towel of claim 13 wherein the number of throughdried plies is four: 

26. A multi-ply paper towel having two or more uncreped throughdried plies, said towel 
having a Vertical Absorbent Capacity of about 8.0 grams of water or greater per gram of 

5 fiber and a Wet Out Time of 2.3 seconds or less. 

27. The paper towel of claim 26 wherein the Wet Out Time is about 2.0 seconds or less. 

28. The paper towel of claim 26 wherein the Wet Out Time is about 1 .5 seconds or less. 

10 

29. The paper towel of claim 26 wherein the Wet Out Time is from about 0.5 seconds to 
about 2.3 seconds. 

30. The paper towel of claim 26 wherein the Wet Out Time is from about 0.5 seconds to 
15 about 2.0 seconds. 

31 . The paper towel of claim 26 wherein the Vertical Absorbent Capacity is about 1 0.0 
grams of water or greater per gram of fiber. 

20 32. The paper towel of claim 26 wherein the Vertical Absorbent Capacity is about 1 2 
grams of water or greater per gram of fiber. 

33. The paper towel of claim 26 wherein the Vertical Absorbent Capacity is from about 8 
grams of water per gram of fiber to about 16 grams of water per gram of fiber. 

25 

34. The paper towel of claim 26 wherein the Vertical Absorbent Capacity is from about 10 
grams of water per gram of fiber to about 15 grams of water per gram of fiber. 

35. The paper towel of claim 26 wherein the Wet Out Time is from about 0.5 seconds to 
30 about 2.0 seconds and the Vertical Absorbent Capacity is from about 9.0 grams of water 

per gram of fiber to about 1 5.0 grams of water per gram of fiber. 
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36. The paper towel of claim 26 wherein the number of uncreped throughdried plies is 
two. 

37. The paper towel of claim 26 wherein the number of uncreped throughdried plies is 
three. 

38. The paper towel of claim 26 wherein the number of uncreped throughdried plies is 
four. 
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1.1 The present claims 1 and 13 relate to a product, i.e. a multi-ply 
paper sheet, defined by reference to the following parameter(s): 

PI: Vertical Absorbent Capacity 
P2: Wet Out Time 

1.2 The use of these parameters in the present context is considered to 
lead to a lack of clarity within the meaning of Article 6 PCT, since the 
parameter values rather define the problem to be solved than the solution 
to the problem, i.e. the necessary essential features to provide the 
solution to the problem has not been defined in said claim 1. Moreover, 
it is neither allowable to use the parameter values as 
result-to-be-achieved features, in particular if they only amount to 
claiming the underlying technical problem. 

1.3 Furthermore, another criteria which must be fulfilled if parameters 
are used, is that these parameters can be clearly and reliable determined 
either by indications in the description or by objective procedures which 
are usual in the art (see T94/82). The above mentioned parameters are not 
standardized and cannot be considered to be usual in the art. The methods 
f 0r determining these parameters are neither considered to be 
sufficiently indicated in the desription for the following reasons: 
Firstly, the method for determining the "wet out time" has been decided 
without defining how many plies the representative specimen sheet should 
h av e. Needless to say but the "wet out time" 1s to a certain degree 
coupled to the measured "wet out time". 

Secondly, the representative specimen product sheets should be cut into 
squares measuring 63 mm by 63 mm having a tolerans of +/- 3 mm. A product 
sheet having a two-ply sheet measuring 60 mm by 60 mm, could thus be 
compared with another product sheet measuring e.g. 66 mm by 66 mm having 
five-ply sheet according to the defined method on page 3, line 14 to page 
4, line 8 of the description. Due to the rather big tolerans of the size 
of the product sample, the overall area of the latter product sheet would 
be larger than the first sample. This would result in two different "wet 
out times" which hardly are comparable with each other. 
Thirdly, the above mentioned method steps should then be evaluated by 
recording when the specimen becomes visually completely saturated with 
water being the wet out time for the product. Both "visually" and 
"completely saturated" are certainly no objective criterias, which would 
be necessary to have a reliable method in determining the parameter 
values. On the contrary, this would clearly be a subjective criteria. 
Thus, taking- all the above uncertainty factors into consideration it 
would surely not be possible to objectively and reliably determine the 
wet out time, measured to the nearest 0.1 second. 

Consequently, the requirements of Article 5 PCT are not satisfied. 

2. Besides, it is, of course, impossible to compare the parameters the 
applicant has chosen to employ with what is set out in the prior art. 
This renders a meaningful complete search impossible. Since it has been 
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explained 1ri the description (see page 1, lines 21-24; page 4, lines 
19-31) that the desired absorption properties of the multi-ply paper 
sheet are obtained by plying together low basis weight uncreped 
throughdried plies which have a highly contoured surface of multiple 
ridges, the search has also been restricted to the corresponding 
features. The present examples do not contain any other specific 
features, except the specific throughdryl ng fabric, which has been used 
to obtain the desired contoured surface of the sheets. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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— because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 

see FURTHER INFORMATION sheet PCT/ISA/210 



3. rj Claims Nos.: 

— because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box (I Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple Inventions in this International application, as follows: 



1 . | I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
• — I searchable claims. 



2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. |™| As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
I — ' covers only those claims for which fees were paid, specifically claims Nos.: 



4. r_J No required additional search fees were timely paid by the applicant. Consequently, this international Search Report is 
— restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest j | The additional search fees were accompanied by the applicants protest. 
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